Background
==========

Current clinical research in pulmonary arterial hypertension (PAH) focuses on the development of more potent and less toxic drugs that target pathophysiologic pathways known to be important in PAH with special emphasis on endothelin, nitric oxide and prostacyclin pathways.

Endothelin is one of the most potent vasoconstrictor ever identified with additional proliferative and profibrotic activities. Endothelin exerts its effects by binding to 2 distinct receptor isoforms in the pulmonary vascular smooth muscle cells, endothelin-A and -B receptors.

Until recently, only two endothelin receptor antagonists (ERAs) have been approved for the treatment of PAH: bosentan (an oral active dual endothelin-A and -B receptor antagonist) and ambrisentan (a selective for the endothelin-A receptor blocker). A third agent, sitaxsentan, was withdrawn from the market in December 2010 after cases of potentially drug-induced fatal hepatotoxicity had been reported

ERAs are associated with important adverse events including elevation of hepatic transaminases and peripheral edema. Approximately 3% of patients will need to discontinue bosentan due to these adverse effects on hepatic function.[@bib1] Another limitation of available ERAs is drug-drug interaction. Of interest are the interactions of bosentan with sildenafil, a frequently used combination therapy, where sildenafil plasma levels are reduced by about 50% while bosentan concentrations rise by approximately 50%.[@bib2]

Recently, the US Food and Drug Administration has approved a new ERA macitentan to treat PAH in adults. Support for approval of macitentan comes from the recently published SERAPHIN (Study with an Endothelin Receptor Antagonist in Pulmonary arterial Hypertension to Improve cliNical outcome) trial.[@bib4]

Macitentan
==========

Macitentan is a dual ERA that was developed by modifying the structure of bosentan to increase efficacy and safety. Macitentan is characterized by slow receptor dissociation kinetics and enhanced tissue penetration.[@bib5] The receptor occupancy half-life of mecitentan is 15-times greater than bosentan[@bib6] allowing for a once-a-day dosing regimen, as ambrisentan, whereas bosentan is dosed twice daily. In contrast to other ERAs, macitentan has a low propensity for drug--drug interactions.[@bib7]

Seraphin Trial
==============

The SERAPHIN study is double-blind, randomized, placebo-controlled study that was designed to evaluate the efficacy and safety of long term treatment with macitentan. The study involved 742 patients with PAH in 151 centers in 39 countries all over the world. Patients were randomized 1:1:1 to placebo (*n* = 250), macitentan 3 mg (*n* = 250) or macitentan 10 mg (*n* = 242) once daily. The mean duration of study treatment was: 85.3 weeks, 99.5 weeks, and 103.9 weeks for the placebo, the 3-mg dose, and the 10-mg dose, respectively.

The study recruited patients with PAH (confirmed by right-heart catheterization) of almost any etiology with WHO functional class II--IV. Patients were allowed to receive PAH background therapy throughout the study; hence 64% of all patients were receiving concomitant treatment with oral phosphodiesterase type 5 inhibitors (61.4%) or oral or inhaled prostanoids (5.4%).

The primary end point was the time from the initiation of treatment to the first occurrence of a composite end point of death, atrial septostomy, lung transplantation, initiation of treatment with IV or SC prostanoids, or worsening of PAH. Worsening of PAH was defined by the occurrence of all three of the following: a decrease in the 6-minute walk distance (6MWD) of at least 15%; worsening of symptoms; and the need for additional treatment for PAH. Secondary efficacy endpoints were: change from baseline to month 6 in 6MWD, change from baseline to month 6 in WHO functional class and time to either death due to PAH or hospitalization due to PAH.

The results showed that over the study period macitentan 10 mg reduced the risk of primary end point by 45% (*p* \< 0.0001) compared with those who received placebo. This corresponds to an absolute risk reduction of 16% and a number-needed-to-treat of 6 patients. For macitentan 3 mg, risk of primary endpoint was reduced by 30% (*p* = 0.0108) relative to placebo. Risk reduction was driven primarily by reductions in PAH worsening. Worth mentioning, the benefit in the primary end point was the same with PAH-drug-therapy-naive patients as with patients treated with combination therapy.

Compared to placebo group, the composite risk of PAH-related death or hospitalization was significantly reduced by 34% for the 3 mg macitentan dose and 50% for the 10 mg dose. When death was considered alone, there was a trend toward reduction in the rate of death due to PAH (*p* = 0.07) with the 10-mg dose of macitentan as compared with placebo.

Relative to the placebo group, the 6MWD at 6 month had increased by 16.8 m (*p* = 0.01) in the group that received 3 mg macitentan and by 22 m (*p* = 0.008) in the group that received 10 mg macitentan. The WHO functional class improved from baseline to month 6 in 13% of the patients in the placebo group, as compared with 20% of those in the group that received 3 mg of macitentan (*p* = 0.04) and 22% of those in the group that received 10 mg of macitentan (*p* = 0.006)

Macitentan was generally well tolerated with similar rates of patients discontinuing treatment due to adverse events across all groups. Rates of elevated hepatic transaminases or peripheral edema were similar across the three study groups. In particular, 4.5% of patients in the placebo group experienced elevations of hepatic transaminases aminotransferases (\>3 times the upper limit of normal) compared with 3.6% of patients in the 3 mg macitentan group and 3.4% in the 10 mg macitentan group. Importantly, a hemoglobin level \< 8 gm/dl was encountered more frequently among patients receiving 10 mg or 3 mg macitentan (4.3% and 1.7% respectively) compared to placebo group (0.4%).

What have we learned?
=====================

SERAPHIN trial may represent an important landmark in the history of clinical trials in PAH for several reasons. First, it is the largest randomized, controlled study in PAH patients; second, it is the first randomized PAH trial to include morbidity and mortality events as primary endpoint; third, it is the first randomized PAH study with a predefined long-term treatment follow up (median duration of more than 2 years).

In pivotal studies of PAH, clinical endpoints had been secondary or exploratory endpoints without adjudication and with very low event rates. The traditional primary endpoint in these studies has been the 6MWD and, accordingly, nearly all available treatments for PAH have been approved based on change in 6MWD. However the prognostic relevance of 6MWD to long-term outcomes is questionable. In a recent meta-analysis of 3,112 patients from 22 clinical trials, changes in 6MWD were not predictable of the favorable effects of pharmacological treatments on clinical events including all-cause death, hospitalization for PAH, transplant, initiation of rescue therapy, and composite outcome.[@bib9] In addition, improvement in 6MWD may not be noticed in patients who are already on effective background therapy or in patients with less severe symptomatic disease who have high baseline walk distances but, nevertheless, may have substantial pathology (ceiling effect).[@bib10] Accordingly, current guidelines suggest that the primary end point in phase 3 trials of new treatments for PAH should be morbidity and mortality.[@bib11] In accordance with this, SERAPHIN used a robust definition of morbidity and mortality as a primary end-point to capture clinically relevant events which reflect the true progression of PAH. The success of SERAPHIN study demonstrates that such trials are feasible in the field of PAH.

One of the important limitations of phase 2 and 3 PAH trials, as is the case with orphan diseases in general, is the small sample size. The large number of patients (*n* = 742) enrolled in SERAPHIN trial was possible only with the contribution of 151 centers in 39 countries all over the world. This highlights the importance of multicentre international design for future PAH studies.

Besides recruiting large number of patients, PAH trials should be long enough in duration to enable enough events to occur to allow adequate statistical powering of the study. However, currently available PAH-targeted therapies have been approved for the treatment of PAH on the basis of short-term trials (12 to 16 weeks). Importantly, patients in the SERAPHIN trial were followed with an average duration of 2 years; this is important to assess the effect of therapy on a chronic progressive disease such that of PAH.

In the SERAPHIN trial, about two thirds of patients were on background therapy (mostly phosphodiesterase type 5 inhibitor). This high rate of combination therapy is important for several reasons:

\(1\) With the progressive nature of PAH disease, many patients will need the introduction of additional treatments. Accordingly, permitting combination therapy in the majority of patients in SERAPHIN trial reflects everyday practice in treating real PAH patients and increases the validity of the trial. The use of background therapy in the placebo group eliminates ethical concerns regarding depriving these patients from an effective therapy. With the long term follow up the SERAPHIN trial, it would have been difficult to maintain the randomized patients on a single PAH-targeted therapy because of disease progression. The positive results of the study practically eliminate the concern that the inclusion of patients on a background effective therapy may reduce the ability to demonstrate a statistically significant difference between the placebo and the active treatment groups. Given the low likelihood of drug-drug interaction (specifically with sildenafil and warfarin), macitentan may be the appropriate ERA drug to be used in combination therapy.

Although there was a trend for a macitentan-related reduction in death, this was not statistically significant. The SERAPHIN study was not powered to detect difference in mortality outcome. In addition, since PAH is a progressive disease and clinical deterioration is likely to precede death, it was unlikely that death was recorded as the first event.[@bib4]

In the SERAPHIN study, "worsening of PAH" was more likely to be the driver of the primary endpoint. However, this endpoint was very precisely defined, and an expert adjudication committee confirmed each event in a blinded fashion, emphasizing the robustness and clinical relevance of this endpoint

In the SERAPHIN trial, the 6MWD had increased by a mean of 22 m among patients on 10 mg macitentan, relative to placebo. This change in 6MWD parallels those reported in other trials. In a pooled analysis of 10 randomized placebo-controlled trials previously submitted to the FDA, active PAH treatment was associated with associated with change of 6MWT at 12 week of 22.4 m (95% CI: 17.4--27.5 m) relative to placebo.[@bib9] Nevertheless, the change in 6MWD is less than 41.8 meters, a value that was previously reported to correspond to a statistically significant reduction in clinical events.[@bib14] This again challenges the use of 6MWD as a surrogate endpoint in PAH trials.

Macitentan was well tolerated in the SERAPHIN trial and, remarkably, rates of adverse events commonly associated with the ERA drug class (elevated liver aminotransferases and peripheral edema) were similar in the placebo and macitentan groups. Compared with placebo, a higher proportion of macitentan-treated patients had headache and respiratory adverse events, particularly those affecting the upper respiratory tract, mainly nasopharyngitis. These adverse events are known with ERAs and thought to be the results of vasodilatation.

In terms of liver test abnormalities, macitentan appears to have a better safety profile compared with bosentan and similar to amrisentan. Results of European post-marketing surveillance of bosentan in pulmonary hypertension showed elevated transaminases in 8% of patients with a discontinuation rate of 3% in bosentan-naive patients.[@bib1] Accordingly, liver function test should be performed monthly in patients receiving bosentan or ambresntan.[@bib15] It has been reported that bosentan inhibits the bile salt export pump, which may lead to cholestatic liver injury due to the intracellular accumulation of bile salts.[@bib16] Macitentan has no significant inhibitory effects on hepatic bile salt transport and, therefore, has the potential for a favorable liver safety profile.[@bib17]

Reduction in blood hemoglobin \< 8 g/dl was observed in 4.3% of patients receiving 10 mg of macitentan compared to only 0.4% of patients in the placebo group. Due to an as yet incompletely identified mechanism, potentially related to vasodilatation and decreased vascular permeability with subsequent fluid shift producing haemodilution, all ERAs are associated with a modest dose-dependent and partially transient reduction in haemoglobin levels. The significance of this hemoglobin reduction noticed with macitentan can only be firmly established postmarketing.
